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(57) ABSTRACT

A system for handling a side shell of an aircraft with a view
to assembling a fuselage barrel of the aircrait and method for
assembling a fuselage barrel of an aircrait are disclosed. The

handling system includes at least two fixing devices per side
shell. Each of the fixing devices 1s configured to be fixed to
a longitudinal end of the side shell. Each of the fixing
devices has a fixing part configured to be fixed on the side
shell, a fixing support 1s configured to mount the fixing
device movably on a holding device of an assembly plat-
form, and an elastic element connecting the fixing part to the
fixing support.
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SYSTEM FOR HANDLING A SIDE SHELL OF
AN AIRCRAFT WITH A VIEW TO
ASSEMBLING A FUSELAGE BARREL OF
THE AIRCRAFT AND METHOD FOR

ASSEMBLING A FUSELAGE BARREL OF AN
AIRCRAFT

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority to French Application
Number FR 2207614, filed Jul. 25, 2022, the entire contents
of which 1s hereby incorporated by reference.

BACKGROUND

The present invention relates to a system for handling a
side shell of an aircrait with a view to assembling a fuselage
barrel of the aircraft and to a method for assembling a
tuselage barrel of an aircratt.

A fuselage barrel of an aircraft generally comprises mul-
tiple elements, 1n particular a cabin tloor grid of the aircratt,
a lower shell, two side shells and an upper shell. These
clements are manufactured independently of one another
and holes for assembling them together are made before the
clements are assembled. The assembly of these elements
therefore requires the implementation of hole-to-hole
assembly and/or part-to-part assembly techniques 1n order to
ensure that they are properly aligned during the assembly.

In order to facilitate a good alignment of the elements of
the fuselage barrel during the assembly, it 1s advantageous to
have the option of shifting these elements by way of small
movements of these elements in relation to one another.
Systems for handling the elements of the fuselage barrel
during assembly are not entirely satisfactory.

SUMMARY

The present disclosure contemplates a solution giving the
option of shifting the elements of the fuselage barrel by way
of small movements when these elements of the fuselage
barrel are being handled. For this, the claimed iventor
relates to a handling system intended for handling a side
shell of an aircraft with a view to assembling a fuselage
barrel of the aircraft, the side shell being configured for
assembly at least with a lower shell of the aircrait and an
upper shell, the fuselage barrel after assembly being asso-
ciated with an orthogonal reference system defined by an
axis X parallel to a longitudinal axis of the fuselage barrel,
a horizontal axis Y and a vertical axis Z.

According to an exemplary embodiment, the handling
system comprises at least two fixing devices per side shell,
cach of the fixing devices being intended to be fixed to a
longitudinal end of the side shell, each of the fixing devices
having a fixing part, a fixing support and a first elastic
element;

the fixing part being intended to be fixed on an outer

surface of the side shell;

the fixing support being intended to be mounted on a

supporting device of an assembly platform, the fixing
support being configured such that the fixing part and
the first elastic element are movable 1n translation, 1n a
plane comprising the axis X and the axis Y, in relation
to the supporting device on which the fixing support 1s
intended to be mounted;

the first elastic element being fixed to the fixing part and

to the fixing support, the first elastic element being
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configured to allow a displacement of the fixing part 1n
relation to the supporting device along an axis parallel
to the axis Z about a nominal position, the first elastic
clement having a predetermined stifiness such that the
displacement of the fixing part has a predetermined
displacement amplitude about the nominal position of
the fixing part 1n relation to the fixing support.

As a result, by way ol small movements about the
nominal position of the fixing part, an operator can shift the
side shell to which the fixing part of the fixing device 1s
fixed. For this, the operator can manually bring the side shell
into a position which will make 1t possible to align the side
shell with another element of the fuselage barrel.

Moreover, the fixing support comprises a first end and a
second end opposite the first end, the first end being intended
to be mounted so as to be able to rotate in relation to the
supporting device about an axis parallel to the axis X and
mounted so as to be movable 1n translation along the axis Y
in relation to the supporting device.

In addition, the fixing support moreover comprises:

a Tork having a first end and a second end opposite the first
end, the first end being intended to be mounted rotat-
ably on a rod of a reference positioning device and so
as to be movable 1n translation along the axis Y 1n
relation to the rod, the reference positioning device
being intended to be mounted fixedly on the holding
device on which the fixing device 1s mounted, the rod

having a longitudinal axis parallel to the axis X, the rod

being movable i translation along the axis X, the

fixing part being connected to the fork via the first
clastic element between the first end and the second end
of the fork:

a mechanical ram mounted fixedly in terms of transla-
tional movement along the axis Z on the fixing support,
the mechanical ram comprising a piston configured to
be driven by the mechanical ram along the axis Z, the
piston comprising a iree end intended to be fixed to the
second end of the fork;

the fork being able to rotate about the longitudinal axis of
the rod when the piston 1s driven by the mechanical ram
along the axis Z, the rotation of the fork being able to cause
the side shell to rotate about the longitudinal axis of the
fuselage barrel.

According to an exemplary embodiment, the first elastic
clement comprises a compression spring having an upper
end fixed to the fixing part and a lower end fixed to the fixing
support, the lower end being 1n abutment against the fixing
support, the compression spring being configured to exert an
expansion force upward along the axis 7Z against the fixing
part at its upper end.

According to an exemplary embodiment, the fixing sup-
port comprises a yoke, the yoke having two legs and a plate
connecting the two legs, the yoke being mounted so as to be
movable 1n translation along the axis Y on the holding
device, the yoke being connected to the holding device via
a first end of the two legs, the plate connecting the two legs
at a second end of the two legs that 1s opposite the first end
of the two legs, the two legs each comprising a circular
opening, the circular opening of each of the two legs each
having a center aligned along an axis parallel to the axis X,
the circular opening of each of the two legs being intended

to receive a pin,
the mechanical ram being fixed on the plate of the yoke

such that the free end of the piston of the mechanical
ram 1s between the two legs of the yoke, the free end
of the piston of the mechanical ram having a ring
intended to recerve the pin, the free end of the piston of
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the mechanical ram being configured to be fixed to the
second end of the fork by way of introduction of the pin
into the circular opening of each of the two legs and
into the ring.

Moreover, the fixing support comprises:

a lixing element intended to be fixed to the holding
device;

a second elastic element connecting the yoke to the fixing,
clement, the second elastic element being configured to
allow a displacement of the yoke in relation to the
fixing element along an axis parallel to the axis Y, the
second elastic element having a predetermined stifiness
such that the displacement has a predetermined ampli-
tude about a nominal position of the yoke 1n relation to
the fixing element;

the first end of the fork comprising:

a support portion intended to be mounted rotatably on the
rod of the reference positioming device;

a third elastic element, the third elastic element connect-
ing the second end of the fork and the support portion,
the third elastic element being configured to allow a
displacement of the fork in relation to the support
portion along an axis parallel to the axis Y, the third
clastic element having a predetermined stifiness such
that the displacement has a predetermined amplitude
about a nominal position of the fork in relation to the
support portion.

According to an exemplary embodiment, the handling
system comprises a fourth elastic element connecting the
supporting device to the fixing part, the fourth elastic
clement being configured to allow a displacement of the
fixing part in relation to the supporting device along an axis
parallel to the axis X about a nominal position, the fourth
clastic element having a predetermined stiflness such that
the displacement of the fixing part has a predetermined
displacement amplitude about the nominal position of the
fixing part in relation to the supporting device.

According to an exemplary embodiment, the first elastic
clement comprises a tension spring having an upper end
fixed to the fixing support and a lower end fixed to the fixing
part, the lower end hanging freely from the fixing support,
the tension spring being configured to exert a tensile force
upward along the axis Z on the fixing part at 1ts lower end.

According to an exemplary embodiment, the fixing sup-
port comprises a fixing element imtended to be fixed to the
holding device, the mechanical ram being mounted so as to
be movable 1n translation along the axis X at the fixing
element,

the first elastic element being mounted so as to be
movable 1n translation at the fork along the axis Y.

Moreover, the fixing support comprises at least one first
guide rail fixed on the fixing element parallel to the axis X
for mounting the mechanical ram at the fixing element so as
to be movable 1n translation along the axis X,

the fixing support comprises at least one second guide rail
fixed on the fork parallel to the axis Y for mounting the
first elastic element at the fork so as to be movable 1n
translation along the axis Y.

According to an exemplary embodiment, the handling
system comprises an elastic device connecting the support-
ing device to the fixing part, the elastic device being
configured to allow a displacement of the fixing part 1n
relation to the supporting device along an axis parallel to the
axis X and along an axis parallel to the axis Y about a
nominal position, the elastic device having a predetermined
stiflness such that the displacement of the fixing part has a
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predetermined displacement amplitude about the nominal
position ol the fixing part in relation to the supporting
device.

Furthermore, the fixing part comprises:

a fixing frame having at least one upright shaped to
closely follow at least in part the outer surface of the
side shell, the one or more uprights being intended to
{ix the fixing part on the outer surface of the side shell;

a fixing bar having a longitudinal axis parallel to the axis
X, the fixing bar being fixed to the first elastic element.

For example, the first elastic element comprises at least
one helical spring.

In addition, the fixing part moreover comprises a first
guiding crossmember having a longitudinal axis parallel to
the axis Z, the first gmding crossmember having a first end
mounted so as to be able to rotate about the axis X at the
fork, the first guiding crossmember having a second end
mounted to as to be movable 1n translation at the fixing bar,
the helical spring having a first end fixed to the fork and a
second end fixed to the fixing bar, the helical spring sur-
rounding the first guiding crossmember, the first elastic
clement moreover comprises at least one second guiding
crossmember parallel to the first guiding crossmember, the
second guiding crossmember having a first end mounted so
as to be able to rotate about the axis X at the fork, the second
guiding crossmember having a second end mounted so as to
be movable 1n translation at the fixing bar.

In addition, the fixing part moreover comprises a guiding,
crossmember having a longitudinal axis parallel to the axis
7., the guiding crossmember having a first end and a second
end, the first end of the guiding crossmember being fixed to
the fixing bar, the guiding crossmember passing through the
fork between 1its first end and 1its second end, the helical
spring having a first end fixed to the second end of the
guiding crossmember and a second end fixed to the fixing
bar, the helical spring surrounding the guiding crossmember.

Furthermore, the handling system moreover comprises at
least one holding structure configured to maintain the shape
of the side shell, the holding structure comprising:

an arcuately curved bar intended to be fixed to the side
shell such that 1t 1s located 1n a plane perpendicular to
the axis X, the curved bar having a first end 1ntended to
be fixed to an upper edge of the side shell and a second
end intended to be fixed on an inner surface of the side
shell;

a straight bar having two ends respectively fixed to the
first end of the curved bar and to the second end of the
curved bar;

a stay having a first end comprising a plate fixed to the
curved bar and the straight bar, the plate being com-
prised i a plane comprising the curved bar and the
straight bar, the stay moreover comprising a second end
intended to be fixed to the inner surface of the side
shell, the stay having a longitudinal axis forming a
non-zero angle with the plate.

Furthermore, the handling system moreover comprises at

least one alignment module comprising;:

an aligning pin intended to be fixed on an 1nner surface of
the upper shell;

a recerving interface having a cylinder intended to be
fixed to the first end of the curved bar, a first piston and
a {ifth elastic element, the first piston being able to slide
in the cylinder, the first piston having a receiving
surface 1ntended to receive the aligning pin, the cylin-
der and the first piston having longitudinal axes parallel
to the axis Z, the first piston being movable in trans-
lation along the axis Z 1n relation to the cylinder of the
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receiving interface, the fifth elastic element being con-
figured to exert a force along the axis Z against the first
piston, said force tending to bring the first piston into
a nominal position along the axis Z if no force 1s
applied to the receiving surface.

In addition, the receiving mterface moreover comprises at
least one sixth elastic element configured to exert a force 1n
a plane parallel to the axis X and the axis Y against the first
piston, said force tending to bring the first piston into a
nominal position along the axis X and the axis Y.

Moreover, the receiving interface comprises:

a second piston having a longitudinal axis parallel to the
axis 7, the second piston being movable 1n translation
in a plane parallel to the axis X and the axis Y 1n
relation to the cylinder of the receiving interface and
fixed along the axis Z, the first piston being able to slide
in the second piston;

at least one adjusting element configured to regulate a
position of the second piston 1n a plane parallel to the
axis X and the axis Y.

For example, the alignment module comprises:

three adjusting elements distributed uniformly around the
cylinder, each of the three adjusting elements com-
prises a screw screwed in an opening through the
cylinder, the screw of each of the three adjusting
clements having longitudinal axes comprised in a com-
mon plane parallel to the axis X and the axis Y, the
longitudinal axes of each screw being concurrent, the
screw of each of the three adjusting elements compris-
ing a {irst end configured to receive a tool for screwing
or unscrewing the screw and a second end configured
to exert a force parallel to the longitudinal axis of the
screw against the second piston depending on the
degree of screwing and unscrewing of the screw;

three seventh elastic elements distributed uniformly
around the cylinder, each of the seventh elastic ele-
ments being able to exert a force against the first piston.

The present disclosure also relates to a method for assem-
bling a fuselage barrel of an aircrait using a handling system
as specified above.

According to an exemplary embodiment, the method
COmMprises:

a step of 1nstalling a lower shell of the fuselage barrel on

an assembly platiorm,

a step of fixing two side shells of the fuselage barrel, each
of the two side shells being fixed to two fixing devices
of the handling system, each of the two side shells
being fixed to two fixing devices by means of the fixing
part of each of the two fixing devices,

a step ol aligning the two side shells in relation to the
lower shell along a plane comprising the axis X and the
axis Y by handling the two side shells using the fixing
support of the handling system,

a step of aligning the two side shells 1n relation to the
lower shell along an axis parallel to the axis Z by
handling the two side shells using the first elastic
clement of the handling system,

a step of assembling the two side shells with the lower
shell.

Furthermore, the method moreover comprises the follow-

ing steps:

a step of fixing at least one holding structure of the
handling system to the inner surface of each of the side
shells,

a step of fixing at least one aligning pin on the inner
surface of an upper shell of the fuselage barrel,
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6

a step of depositing the aligning pin on the receiving
surface by moving the upper shell closer to the side
shells,

a step of aligning the upper shell 1n relation to the side
shells along a plane comprising the axis X and the axis
Y using the receiving interface of the alignment mod-
ule,

a step of assembling the upper shell with the side shells.

In addition, the method comprises a step of positioning a

floor grid of the aircraft before the depositing step.

BRIEF DESCRIPTION OF THE DRAWINGS

For an understanding of embodiments of the disclosure,
reference 1s now made to the following description taken in
conjunction with the accompanying drawings.

FIG. 1 1s a perspective view of a fixing device according,
to an exemplary embodiment.

FIG. 2 1s a perspective view of a section along a plane
parallel to the axis X and the axis Z of a fixing device
according to an exemplary embodiment.

FIG. 3 1s a perspective view of a holding structure.

FIG. 4 1s a perspective view of a fuselage barrel on an
assembly platform having a handling system according to an
exemplary embodiment.

FIG. 5 1s a perspective view of the fixing device according
to an exemplary embodiment.

FIG. 6 1s a perspective view, from a different viewing
angle to that of FIG. 5, of the fixing device according to an
exemplary embodiment.

FIG. 7 1s a perspective view of an auxiliary fixing part
according to one embodiment.

FIG. 8 1s a perspective view of a yoke of the fixing support
according to an exemplary embodiment.

FIG. 9 1s a perspective view of the first end of the fork
according to an exemplary embodiment.

FIG. 10 1s a profile view of the fixing device according to
an exemplary embodiment.

FIG. 11 1s a perspective view of an alignment module
comprising a receiving interface and an aligning pin.

FIG. 12 1s a perspective view of a receiving interface.

FIG. 13 1s a cross section through the receiving interface
along a plane P1.

FIG. 14 1s a longitudinal section through the receiving
interface along a plane P2.

FIG. 15 1s a lateral view of an aircrait having a fuselage
barrel.

FIG. 16 1s a schematic flow chart illustrating the assembly
method steps E1 through E11.

DETAILED DESCRIPTION

Some embodiments will now be described with reference
to the Figures.

The handling system 1 1s intended to handle a side shell
2 of an aircraft with a view to assembling a fuselage barrel
3 of the aircrait AC (FIG. 15).

The side shell 2 1s configured to be assembled at least with
a lower shell 4 of the aircraft, which lower shell 1s received
on an assembly platform 5, and an upper shell 6, as shown
in FIG. 4.

After assembly, the fuselage barrel 3 1s associated with an
orthogonal reference system R defined by an axis X parallel
to a longitudinal axis L1 of the fuselage barrel 3, a horizontal
axis Y and a vertical axis Z.
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The longitudinally opposite ends of an object are referred
to as “longitudinal ends™ of the object. The adjective “ver-
tical” and the adverb “vertically” refer to the direction of

gravity.

In addition, the adjectives “upper” and “lower” are
defined 1n relation to the ground on which the handling
system 1 1s able to be displaced. An object qualified by the
adjective “lower” 1s located closer to the ground than an
object quahﬁed by the adjective “upper”. The adjectives

“mner” and “outer” are defined 1n relation to the fuselage
barrel 3. An object or a surface 1s referred to as “inner” when
it faces the 1nside of the fuselage barrel 3. It 1s referred to as
“outer” when it faces the outside of the fuselage barrel 3.
The terms “upward” and “downward” are defined in relation
to the ground. An object being displaced downward corre-
sponds to an object being displaced toward the ground. An
object being displaced upward corresponds to an object
being moved 1n a direction away from the ground.

The handling system 1 comprises at least two fixing
devices 7 per side shell 2. Each of the fixing devices 7 1s

intended to be fixed to a longitudinal end 8 of the side shell
2.

Each of the fixing devices 7 has a fixing part 9, a fixing
support 10 and a first elastic element 12.

The fixing part 9 1s intended to be fixed on an outer
surface E of the side shell 2.

The fixing support 10 1s mtended to be mounted on a
holding device 11 of an assembly platform 5. The fixing
support 10 1s configured such that the fixing part 9 and the
first elastic element 12 are movable 1n translation, in a plane
comprising the axis X and the axis Y, 1n relation to a holding
device 11 of an assembly platform 5. For example, the
holding device 11 corresponds to an alignment post of the
assembly platform 3, as shown 1n FIG. 4. The fixing support
10 may be fixed to the top of the alignment post.

The first elastic element 12 1s fixed to the fixing part 9 and
to the fixing support 10. The first elastic element 12 1s
configured to allow a displacement of the fixing part 9 1n
relation to the supporting device 11 along an axis parallel to
the axis Z about a nominal position. The first elastic element
12 moreover has a predetermined stiflness such that the
displacement of the fixing part 9 has a predetermined
displacement amplitude about the nominal position of the
fixing part 9 1n relation to the fixing support 10. For
example, the nominal position of the fixing part 9 1n relation
to the fixing support 10 corresponds to a position 1 which
the fixing part 9 1s not subjected to load by a force except for
that of the first elastic element 12.

Advantageously, the fixing support 10 comprises a first
end 131 and a second end 132 opposite the first end 131. The
first end 131 1s intended to be mounted so as to be able to
rotate 1n relation to the supporting device 11 about an axis
[.2 parallel to the axis X and mounted so as to be movable
in translation along the axis Y 1n relation to the supporting
device 11. The fixing support 10 may moreover comprise at
least one fork 13 and a mechanical ram 16.

The fork 13 has a first end 131 and a second end 132
opposite the first end 131. The first end 131 1s intended to be
mounted rotatably on a rod 14 of a reference positioning
device 15 and so as to be movable 1n translation along the
axis Y 1n relation to the rod 14.

Said reference positioning device 135 i1s intended to be
mounted fixedly on the holding device 11 on which the
fixing device 7 1s mounted. The rod 14 has a longitudinal
axis L2 parallel to the axis X. Furthermore, the rod 14 is
movable 1n translation along the axis X (FIG. 9).
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The fixing part 9 1s connected to the fork 13 via the first
clastic element 12 between the first end 131 and the second
end 132 of the fork 13.

The mechanical ram 16 1s mounted fixedly i terms of
translational movement along the axis Z on the fixing
support 10. The mechanical ram 16 comprises a piston 17
configured to be driven by the mechanical ram 16 along the
axis 7. The piston 17 comprises a free end intended to be
fixed to the second end 132 of the fork 13 (FIG. 8).

The fork 13 1s therefore able to rotate about the longitu-
dinal axis L.2 of the rod 14 when the piston 17 1s driven by
the mechanical ram 16 along the axis Z. The rotation of the
fork 13 1s then able to cause the side shell 2 to rotate about
the longitudinal axis L1 of the fuselage barrel 3.

Specifically, when the piston 17 1s driven upward by the
mechanical ram 16, the second end 132 of the fork 13 1s
driven upward by way of a rotation of the fork 13 about the
longitudinal axis L.2 of the rod 14 on which the first end 131
of the fork 13 is rotatably mounted. The driving of the
second end 132 upward causes the first elastic element 12
and the fixing part 9 to be driven upward. The side shell 1s
fixed to the fixing part 9. As a result, this rotation of the fork
13 causes the side shell 2, to which the fixing part 9 1s fixed,
to move upward 1n translation 1 the direction of displace-
ment of the fixing part 9. Stmilarly, when the piston 17 1s
driven downward by the mechanical ram 16, the second end
132 of the fork 13 i1s driven downward by way of a rotation
of the fork 13 about the longitudinal axis L2 of the rod 14.
The driving of the second end 132 downward causes the first
clastic element 12 and the fixing part 9 to be driven
downward, this causing the side shell 2, to which the fixing
part 9 1s fixed, to move downward 1n translation i1n the
direction of displacement of the fixing part 9.

According to a first embodiment, the first elastic element
12 comprises a compression spring 121 having an upper end
fixed to the fixing part 9 and a lower end fixed to the fixing
support 10. The compression spring 121 may comprise a
longitudinal axis parallel to the axis Z. The lower end 1s 1n
abutment against the fixing support 10. The compression
spring 121 1s configured to exert an expansion force upward
along the axis Z against the {ixing part 9 at its upper end. The
fixing part 9 therefore rests on the compression spring 121
which itself rests on the fixing support 10. As a result, the
compression spring 121 allows a displacement of the fixing
part 9 about the nominal position in a direction parallel to the
axis 7. The compression spring 121 may correspond to a
helical compression spring.

According to the first embodiment shown in FIG. 1, FIG.
2, FI1G. 3, FIG. 8, FIG. 9 and FIG. 10, the fixing support 10
may comprise a yoke 19.

The yoke 19 has two legs 191, 192 and a plate 193
connecting the two legs 191, 192. The yoke 19 1s mounted
s0 as to be movable 1n translation along the axis Y on the
holding device 11. The yoke 19 1s connected to the holding
device 11 by way of a first end 194, 195 of the two legs 191,
192.

The plate 193 connects the two legs 191, 192 at a second
end 196, 197 of the two legs 191, 192 that 1s opposite the
first end 194, 195 of the two legs 191, 192.

The two legs 191, 192 each comprise a circular opening
20, 21. The circular openings 20, 21 of the two legs 191, 192
have a center aligned along an axis parallel to the axis X.
The circular opening 20, 21 of each of the two legs 191, 192
1s 1ntended to recerve a pin 22.

The mechanical ram 16 1s fixed on the plate 193 of the
yoke 19 such that the free end of the piston 17 of the
mechanical ram 16 1s located between the two legs 191, 192
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of the voke 19. The free end of the piston 17 of the
mechanical ram 16 has a ring 23 intended to receive the pin
22.

The ring 23 has a circle with a center comprised on a
straight line comprising the center of the circular opening
20, 21 of each of the legs 191, 192. The second end 132 of
the fork 12 comprises at least one ring 133. The free end of
the piston 17 of the mechanical ram 16 1s configured to be
fixed to the second end 132 of the fork 13 by way of the
introduction of the pin 22 into the circular opening 20, 21 of
cach of the two legs 191, 192, into the one or more rings 133
of the second end 132 of the fork 13, and into the ring 23.

The two legs 191, 192 may have a spacing D between
them which has a predetermined dimension allowing the
fork 13 to move 1n translation along the axis X between the
two legs 191, 192. For example the spacing D 1s greater than
the dlmensmn along the axis X of the second end 132 of the
fork 13. The dimension along the axis X of the second end
132 of the fork may correspond to the dimension d as shown
in FI1G. 8. The spacing D may also be greater than the desired
amplitude of displacement 1n translation of the fork 13 along

the axis X. To that end, the difi

erence between the dimension
D and the dimension d corresponds to said desired displace-
ment amplitude.

The fixing support 10 may moreover comprise a fixing
clement 24 intended to be fixed to the holding device 11 and
a second elastic element 25. The second elastic element 235
connects the yoke 19 to the fixing element 24. The second
clastic element 25 1s configured to allow a displacement 26
(shown by a double-headed arrow) of the yoke 19 1n relation
to the fixing element 24 along an axis parallel to the axis Y.
The second elastic element 25 has a predetermined stiflness
such that the displacement 26 has a predetermined amplitude
about a nominal position of the yoke 19 in relation to the
fixing element 24. For example, the nominal position of the
yoke 19 1n relation to the fixing element 24 corresponds to
a position 1n which the yoke 19 is not subjected to load by
a force except for that of the second elastic element 25.

The first end 131 of the fork 13 may also comprise a
support portion 27 intended to be mounted on the rod 14 of
the reference positioning device 15 so as to be able to rotate
about the axis X and a third elastic element 28.

The third elastic element 28 connects the second end 132
of the fork 13 and the support portion 27. The third elastic
clement 28 1s configured to allow a displacement 29 of the
fork 13 in relation to the support portion 27 along an axis
parallel to the axis Y. The third elastic element 28 has a
predetermined stifiness such that the displacement 29 has a
predetermined amplitude about a nominal position of the
fork 13 1n relation to the support portion 27. For example,
the nominal position of the fork 13 1n relation to the support
portion 27 corresponds to a position 1n which the fork 13 1s
not subjected to load by a force except for that of the third
clastic element 28.

Non-limitingly, the second elastic element 25 and the
third elastic element 28 may correspond to a layer made of
clastic matenial, such as Teflon. According to the first
embodiment, the handling system 1 may comprise a fourth
clastic element (not shown) connecting the supporting
device 11 to the fixing part 9. The fourth elastic element 1s
configured to allow a displacement of the fixing part 9 1n
relation to the supporting device 11 along an axis parallel to
the axis X about a nominal position. The fourth elastic
clement has a predetermined stifiness such that the displace-
ment of the fixing part 9 has a predetermined displacement
amplitude about the nominal position of the fixing part 9 1n
relation to the supporting device 11.
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According to a second embodiment, the first elastic ele-
ment 12 comprises a tension spring 121 having an upper end
fixed to the fixing support 10 and a lower end fixed to the
fixing part 9. The tension spring 121 may comprise a
longitudinal axis parallel to the axis Z. The lower end hangs
freely from the fixing support 10. The tension spring 121 1s
configured to exert a tensile force upward along the axis Z
on the fixing part 9 at its lower end. The fixing part 9
therefore hangs from the fixing support 10 via the tension
spring 121. As a result, the tension spring 121 allows a
displacement of the fixing part 9 about the nominal position
in a direction parallel to the axis Z. The tension spring 121
may correspond to a helical tension spring.

According to the second embodiment shown in FIG. 5 and
FIG. 6, the fixing support 10 comprises a fixing element 24
intended to be fixed to the holding device 11. The mechani-
cal ram 16 1s mounted so as to be movable 1n translation
along the axis X at the fixing element 24. The first elastic
clement 12 1s mounted so as to be movable 1n translation at
the fork 13 along the axis Y.

The fixing support 10 may comprise at least one first
guide rail 31 fixed on the fixing element 24. The one or more
first guide rails are fixed parallel to the axis X for mounting
the mechanical ram 16 at the fixing element 24 so as to be
movable 1n translation along the axis X. In addition, the
fixing support 10 may comprise at least one second guide
rail 32 fixed on the fork 13. The one or more second guide
rails 32 are fixed parallel to the axis Y for mounting the first
clastic element 12 at the fork 13 so as to be movable 1n
translation along the axis Y.

As shown 1n FIG. § and FIG. 6, the fixing support 10 may
comprise two first guide rails 31 parallel to the axis X and
two second guide rails 32 parallel to the axis Y.

According to the second embodiment, the handling sys-
tem 1 may comprise an elastic device (not shown) connect-
ing the supporting device 11 to the fixing part 9. The elastic
device 1s configured to allow a displacement of the fixing
part 9 1n relation to the supporting device 11 along an axis
parallel to the axis X and along an axis parallel to the axis
Y about a nominal position. The elastic device has a prede-
termined stiflness such that the displacement of the fixing
part 9 has a predetermined displacement amplitude about the
nominal position of the fixing part 9 1n relation to the
supporting device 11. The elastic device may comprise two
clastic elements intended to enable said displacement of the
fixing part 9 1n relation to the supporting device 11 along an
axis parallel to the axis X and along an axis parallel to the
axis Y about a nominal position respectively.

As regards the fixing part 9, 1t may comprise a fixing
frame 33 and a fixing bar 35.

The fixing frame 33 has at least one upright 34 shaped to
closely follow at least 1n part the outer surface E of the side
shell 2. The one or more uprights 34 are intended to {ix the
fixing part 9 on the outer surface E of the side shell 2. The
fixing bar 35 has a longitudinal axis parallel to the axis X.
The fixing bar 35 1s fixed to the first elastic element 12.

The fixing part 9 may also comprise a first guiding
crossmember 36 having a longitudinal axis parallel to the
axis Z. The first guiding crossmember 36 has a first end 38
mounted so as to be able to rotate about the axis X at the fork
13. The first guiding crossmember 36 has a second end 39
mounted so as to be movable 1n translation at the fixing bar
35.

For example, the first elastic element 12 comprises at least
one helical spring 121.

According to the first embodiment described above, the
compression spring 121 1s a helical compression spring. The
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helical compression spring tends to move 1ts opposite ends
apart when subjected to axial compression. Said helical
spring 121 has a first end 122 (corresponding to a lower end
of the helical spring 121) fixed to the fork 13 and a second
end 123 (corresponding to an upper end of the helical spring
121) fixed to the fixing bar 35. The helical spring 121
surrounds the first guiding crossmember 36, that 1s to say the
helical spring 121 has a central axis which coincides with the
central axis of the first guiding crossmember 36.

The fixing part 9 moreover comprises at least one second
guiding crossmember 37 parallel to the first guiding cross-
member 36. As shown 1n FIG. 2, the first elastic element 12
comprises two second guiding crossmembers 37. The two
second guiding crossmembers 37 and the first guiding
crossmember 36 have longitudinal axes comprised in a
common plane parallel to the axis X and the axis Z. The first
guiding crossmember 36 1s located between the two second
guiding crossmembers 37.

The second guiding crossmember 37 has a first end 40
mounted so as to be rotatable about the axis X at the fork 13.
The second guiding crossmember 37 also has a second end
41 mounted so as to be movable 1n translation at the fixing
bar 35. As a result, the fixing bar 35 therefore bears against
the helical spring 121 along the axis Z. The helical spring
121 in abutment against the fork 13 1s configured to exert a
force upward along the axis Z against the fixing bar 35 1n
order to push the fixing bar 35 upward.

According to the second embodiment described above,
the tension spring 121 1s a helical tension spring. The helical
tension spring tends to move its opposite ends closer
together when subjected to axial tension. The fixing part 9
moreover comprises a guiding crossmember 42 having a
longitudinal axis parallel to the axis Z. The guiding cross-
member 42 has a first end 43 and a second end 44.

The first end 43 of the guiding crossmember 42 1s fixed to
the fixing bar 35. The guiding crossmember 42 passes
through the fork 13 between the first end 43 of the guiding
crossmember 42 and the second end 44 of the gwmding
crossmember 44. The helical spring 121 has a first end
(corresponding to an upper end of the helical spring 121)
fixed to the second end 44 of the guiding crossmember 42
and a second end 122 (corresponding to a lower end of the
helical spring 121) fixed to the fixing bar 35. The helical
spring 121 surrounds the guiding crossmember 42. As a
result, the fixing bar 35 hangs from the helical spring 121
along the axis Z. The helical spring 121 exerts a force
upward along the axis Z 1n order to draw the fixing bar 35
upward.

The handling system 1 may moreover comprise at least
one holding structure 45 configured to maintain the shape of
the side shell 2. As shown in FIGS. 3, 4, and 11, the holding
structure 45 comprises a curved bar 46, a straight bar 48 and
a stay 49.

The curved bar 46 has an arc shape. The arc shape
corresponds to a shape substantially matching the inner
surface of the side shell 2. The curved bar 46 1s intended to
be fixed to the side shell 2 such that 1t 1s located 1n a plane
perpendicular to the axis X. The curved bar 46 has a first end
461 intended to be fixed to an upper edge 47 of the side shell
2 and a second end 462 intended to be fixed on an inner
surtace I of the side shell 2. The curved bar 46 1s fixed to the
side shell 2 such that the curvature of the curved bar 46 runs
parallel to the curvature of the mner surface I of the side
shell 2.

The straight bar 48 has two ends 481, 482 fixed respec-
tively to the first end 461 of the curved bar 46 and to the
second end 462 of the curved bar 46. The stay 49 has a first
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end 491 having a plate 492 fixed to the curved bar 46 and the
straight bar 48. The plate 492 1s comprised 1 a plane
comprising the curved bar 46 and the straight bar 48. The
stay 49 moreover comprises a second end 493 intended to be
fixed to the mner surface I of the side shell 2. The stay 49
has a longitudinal axis forming a non-zero angle with the
plate 492. The stay 49 makes it possible to maintain the
position of the holding structure 45.

In addition, the handling system 1 may comprise at least
one alignment module 50 as shown 1n FIG. 11. The align-
ment module 50 comprises an aligning pin 31 (FIG. 11) and
a recerving interface 52 (FIGS. 11 to 14 and FIG. 3). The
aligning pin 51 1s fixed on an mner surface of the upper shell
6. The receiving interface 52 has a cylinder 53 fixed to the
first end 461 of the curved bar 46, a first piston 54 and a fifth
clastic element 55. The first piston 54 1s able to slide 1n the
cylinder 53. The first piston 54 has a receiving surface 56
intended to receive the aligning pin 51. The receiving
surface 56 receives the aligning pin 51 when the upper shell
6 1s placed on the side shells 2. The cylinder 33 and the first
piston 54 have longitudinal axes L3 parallel to the axis Z.
The first piston 54 1s movable 1n translation along the axis
7. 1n relation to the cylinder 53 of the recerving interface 52.

The fifth elastic element 55 1s configured to exert a force
along the axis Z against the first piston 54. Said force tends
to bring the first piston 54 into a nominal position along the
axis Z 11 no force except for that of the fifth elastic element
55 1s applied to the receiving surface 56. Said force 1s for
example applied by the aligning pin 51, which 1s fixed to the
upper shell 6.

The receiving interface 52 may moreover comprise at
least one sixth elastic element 57 configured to exert a force
F1 in a plane parallel to the axis X and the axis Y against the
first piston 34 (F1G. 13). Said force F1 tends to bring the first
piston 54 into a nominal position along the axis X and the
axis Y. This or these seventh elastic element(s) 57 make 1t
possible to allow a displacement amplitude of the first piston
54 1n a plane parallel to the axis X and the axis Y 1n order
to make 1t easier for the receiving surface 56 to receive the
aligning pin 51.

The receiving interface 52 moreover comprises a second
piston 58 and at least one adjusting element 59. The second
piston 58 has a longitudinal axis parallel to the axis Z. The
second piston 58 1s movable 1n translation 1n a plane parallel
to the axis X and the axis Y in relation to the cylinder 53 of
the recerving interface 52. The second piston 38 1s moreover
fixed 1n terms of movement 1n translation along the axis Z.
The first piston 54 1s able to slide 1n the second piston 58.

The one or more adjusting elements 39 are configured to
regulate a position of the second piston 38 1n a plane parallel
to the axis X and the axis Y by applying a force F2 against
the second piston 58. As a result, by virtue of the adjusting
clement or adjusting elements 59, 1t 1s possible to regulate
the nominal position of the second piston 58 in the plane
parallel to the axis X and to the axis Y and, consequently, the
nominal position of the first piston 54 and of the receiving
surface 56 1in the plane parallel to the axis X and to the axis
Y.

According to a non-limiting embodiment shown 1n FIGS.
12-14, the receiving interface 52 comprises three adjusting
clements 59 and three elastic elements 57.

FIG. 13 corresponds to a section through the receiving
interface 32 along the plane P1. FIG. 14 corresponds to a
section through the receiving interface 52 along the plane
P2.

The three adjusting elements 59 are distributed uniformly
around the cylinder 33.
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For example, they are distributed at 120° 1n relation to one
another. Each of the three adjusting elements 59 comprises
a screw 60 screwed 1n an opening through the cylinder 53.
The screw 60 of each of the three adjusting elements 59 has
longitudinal axes 1.4 comprised 1n a common plane parallel
to the axis X and to the axis Y. The longitudinal axes 1.4 of
cach screw 60 are concurrent. The screw 60 of each of the
three adjusting elements 59 comprises a first end 61 con-
figured to receive a tool for screwing or unscrewing the
screw 60 and a second end 62 configured to exert a force F2
parallel to the longitudinal axis .4 of the screw 60 against
the second piston 58 depending on the degree of screwing
and unscrewing of the screw 60.

The three elastic elements 57 are distributed uniformly
around the cylinder 53. For example, they are distributed at
120° 1n relation to one another. Each of the seventh elastic
clements 57 1s able to exert a force F1 against the first piston
54.

The handling system 1 may also comprise at least one
auxiliary fixing part 63, as shown 1n FIG. 7. The auxihary
fixing part 63 1s intended to be fixed on the outer surface E
of the side shell 2. The auxiliary fixing part 63 1s moreover
intended to rest on a support device 70 of the assembly
platform 5, this support device 70 being disposed between
two holding devices 11 of the assembly platform 5. The
support device 70 may correspond to a support post. The
auxiliary fixing part 63 may rest on the top of the support
post. The auxiliary fixing part 63 may comprise an assembly
having two fixing uprights 64 connected to one another by
a supporting bar 69. The two fixing uprights 64 are intended
to be parallel to the axis Z. The supporting bar 69 1s intended
to be parallel to the axis X. The auxiliary fixing part 63
moreover comprises at least one damping module 71
intended to rest on the support device 70.

The damping module 71 comprises a foot 65 and a
seventh elastic element 66 (for example a spring) connecting
the foot to the supporting bar 69. The seventh elastic element
66 has a predetermined stifiness such that the displacement
of said assembly having the two fixing uprights 64 and the
supporting bar 69 has a predetermined displacement ampli-
tude along the axis Z about a nominal position of said
assembly 1n relation to the foot 65. For example, the nominal
position of said assembly corresponds to a position 1n which
said assembly 1s not subjected to load by a force except for
that of the seventh elastic element 66. The damping module
71 may also comprise a regulating element 67 for regulating
the stiflness of the seventh elastic element 66.

The presence or the absence of the auxiliary fixing part 63
can depend on the length of the fuselage barrel 3 that 1s to
be assembled and thus on the number of support devices 70.

The handling system 1 can be used by means of the
following assembly method (FIG. 16).

The assembly method may comprise:

a step E1 of installing a lower shell 4 of the fuselage barrel

3 on an assembly platiorm 5,

a step E2 of fixing two side shells 2 to the fuselage body
3. Fach of the two side shells 2 1s fixed to two fixing
devices 7 of a handling system 1. Each of the two side
shells 2 1s fixed to the two fixing devices 7 by means of
the fixing part 9 of each of the two fixing devices 7,

a step E3 of aligning the two side shells 2 1n relation to the
lower shell 5§ along a plane comprising the axis X and
the axis Y by handling the two side shells 2 using the
fixing support 10,
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a step E4 of aligning the two side shells 2 1n relation to the
lower shell 5 along an axis parallel to the axis Z by
handling the two side shells 2 using the first elastic
element 12,

a step ES of assembling the two side shells 2 with the
lower shell 5.

The assembly method may also comprise:

a step E6 of fixing at least one holding structure 45 of the
handling system 1 to the inner surface of each of the
side shells 2,

a step E7 of {ixing at least one aligning pin 51 on the 1nner
surface of an upper shell 6 of the fuselage barrel 3,

a step B9 of depositing the aligning pin 51 on the
receiving surface 52 by moving the upper shell 6 closer
to the side shells 2,

a step E10 of aligning the upper shell 6 1n relation to the
side shells 2 along a plane comprising the axis X and
the axis Y using the receiving interface 52 of the
alignment module 50,

a step E11 of assembling the upper shell 6 with the side
shells 2.

The method may also comprise a step E8 of positioning,

a floor grid G of the aircraft AC betfore step E9.

While at least one exemplary embodiment 1s disclosed
herein, 1t should be understood that modifications, substitu-
tions and alternatives may be apparent to one of ordinary
skill in the art and can be made without departing from the
scope of this disclosure. This disclosure 1s intended to cover
any adaptations or variations of the exemplary embodiment
(s). In addition, 1n this disclosure, the terms “comprise” or
“comprising” do not exclude other elements or steps, the
terms “a” or “one” do not exclude a plural number, and the
term “or” means either or both. Furthermore, characteristics
or steps which have been described may also be used 1n
combination with other characteristics or steps and in any
order unless the disclosure or context suggests otherwise.
This disclosure hereby incorporates by reference the com-
plete disclosure of any patent or application from which 1t
claims benefit or priority.

The mvention claimed 1s:

1. A handling system configured for handling a side shell
of an aircrait with a view to assembling a fuselage barrel of
the aircraft, the side shell 1s configured for assembly at least
with a lower shell of the aircrait and an upper shell, the
fuselage barrel after assembly being associated with an
orthogonal reference system (R) defined by an axis X
parallel to a longitudinal axis (IL1) of the fuselage barrel, a
horizontal axis Y and a vertical axis Z, wherein it comprises
at least two fixing devices per side shell, each of the fixing
devices being configured to be fixed to a longitudinal end of
the side shell, each of the fixing devices having a fixing part,
a fixing support and a first elastic element;

wherein the fixing part 1s configured to be fixed on an
outer surface (E) of the side shell;

wherein the fixing support 1s configured to be mounted on
a supporting device of an assembly platiorm, the fixing
support 1s configured such that the fixing part and the
first elastic element are movable 1n translation, 1n a
plane comprising the axis X and the axis Y, 1n relation
to the supporting device on which the fixing support 1s
configured to be mounted;

wherein the first elastic element being fixed to the fixing
part and to the fixing support, the first elastic element
being configured to allow a displacement of the fixing
part 1n relation to the supporting device along an axis
parallel to the axis Z about a nominal posmon the first
clastic element having a predetermined stifiness such
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that the displacement of the fixing part has a predeter-
mined displacement amplitude about the nominal posi-
tion of the fixing part in relation to the fixing support.

2. The system as claimed 1n claim 1, wherein the fixing
support further comprises a fork having a first end and a
second end opposite the first end, the first end 1s configured
to be mounted rotatably on a rod of a reference positioning,
device and so as to be movable 1n translation along the axis
Y 1n relation to the rod, the reference positioning device 1s
configured to be mounted fixedly on a holding device on
which the fixing device i1s mounted, the rod having a
longitudinal axis (LL.2) parallel to the axis X, the rod being
movable 1n translation along the axis X, the fixing part being,
connected to the fork via the first elastic element between the
first end and the second end of the fork;

a mechanical ram mounted fixedly in terms of transla-
tional movement along the axis Z on the fixing support,
the mechanical ram comprising a piston configured to
be driven by the mechanical ram along the axis Z, the
piston comprising a ifree end configured to be fixed to
the second end of the fork:

the fork being able to rotate about the longitudinal axis
(L2) of the rod when the piston 1s driven by the
mechanical ram along the axis Z, the rotation of the
fork being able to cause the side shell to rotate about the
longitudinal axis (IL1) of the fuselage barrel.

3. The system as claimed in claim 1, wherein the first
clastic element further comprises a compression spring
having an upper end fixed to the fixing part and a lower end
fixed to the fixing support, the lower end being in abutment
against the fixing support, the compression spring being
configured to exert an expansion force upward along the axis
7. against the fixing part at 1ts upper end.

4. The system as claimed 1n claim 1, wherein the fixing
part further comprises

a lixing frame having at least one upright shaped to
closely follow at least 1n part the outer surface (E) of
the side shell, the one or more uprights are configured
to 1ix the fixing part on the outer surface (E) of the side
shell; and

a fixing bar having a longitudinal axis parallel to the axis
X, the fixing bar being fixed to the first elastic element.

5. The system as claimed 1n claim 1, further comprising
at least one holding structure configured to maintain the
shape of the side shell, the holding structure comprising an
arcuately curved bar configured to be fixed to the side shell
such that 1t 1s located 1n a plane perpendicular to the axis X,
the curved bar having a first end configured to be fixed to an
upper edge of the side shell and a second end configured to
be fixed on an iner surface (I) of the side shell;

a straight bar having two ends fixed respectively to the
first end of the curved bar and to the second end of the
curved bar:

a stay having a first end comprising a plate fixed to the
curved bar and the straight bar, the plate being com-
prised 1n a plane comprising the curved bar and the
straight bar, the stay moreover comprising a second end
configured to be fixed to the mner surface (1) of the side
shell, the stay having a longitudinal axis forming a
non-zero angle with the plate.

6. The system as claimed 1n claim 1, wherein the first
clastic element further comprises a tension spring having an
upper end fixed to the fixing support and a lower end fixed
to the fixing part, the lower end hanging freely from the
fixing support, the tension spring being configured to exert
a tensile force upward along the axis Z on the {ixing part at
its lower end.
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7. The system as claimed 1n claim 6, further comprising
an elastic device connecting the supporting device to the
fixing part, the elastic device being configured to allow a
displacement of the fixing part 1n relation to the supporting
device along an axis parallel to the axis X and along an axis
parallel to the axis Y about a nominal position, the elastic
device having a predetermined stiflness such that the dis-
placement of the fixing part has a predetermined displace-
ment amplitude about the nominal position of the fixing part
in relation to the supporting device.

8. The system as claimed 1n claim 1, wherein the fixing
support further comprises a first end and a second end
opposite the first end, the first end being configured to be
mounted so as to be able to rotate in relation to the
supporting device about an axis (L2) parallel to the axis X
and mounted so as to be movable in translation along the
axis Y 1n relation to the supporting device.

9. The system as claimed 1n claim 8, wherein the fixing
support further comprises a yoke, the yoke having two legs
and a plate connecting the two legs, the yoke being mounted
s0 as to be movable 1n translation along the axis Y on a
holding device, the yoke being connected to the holding
device via a first end of the two legs, the plate connecting the
two legs at a second end of the two legs that 1s opposite the
first end of the two legs, the two legs each comprising a
circular opening, the circular opening of each of the two legs
cach having a center aligned along an axis parallel to the axis
X, the circular opening of each of the two legs 1s configured
to receive a pin,

wherein a mechanical ram 1s fixed on the plate of the yoke

such that the free end of a piston of the mechanical ram
1s between the two legs of the yoke, the free end of the
piston ol the mechanical ram having a nng configured
to recerve the pin, the free end of the piston of the
mechanical ram being configured to be fixed to the
second end of a fork by way of introduction of the pin
into the circular opening of each of the two legs and
into the ring (23).

10. The system as claimed 1n claim 8, wherein the fixing
support further comprises a fixing element configured to be
fixed to a holding device, a mechanical ram being mounted
s0 as to be movable in translation along the axis X at the
fixing element, the first elastic element being mounted so as
to be movable 1n translation at a fork along the axis Y.

11. The system as claimed in claim 8, wherein the fixing
support further comprises at least one first guide rail fixed on
the fixing element parallel to the axis X for mounting a
mechanical ram at the fixing element so as to be movable in
translation along the axis X,

the fixing support comprises at least one second guide rail

fixed on a fork parallel to the axis Y for mounting the
first elastic element at the fork so as to be movable 1n
translation along the axis Y.

12. The system as claimed 1n claim 8, wherein the fixing
part further comprises a guiding crossmember having a
longitudinal axis parallel to the axis Z, the guiding cross-
member having a first end and a second end, the first end of
the guiding crossmember being fixed to a fixing bar, the
guiding crossmember passing through a fork between its
first end and 1ts second end, the helical spring having a first
end fixed to the second end of the guiding crossmember and
a second end fixed to the fixing bar, a helical spring
surrounding the guiding crossmember.

13. The system as claimed 1n claim 8, wherein the fixing
support further comprises a fixing element configured to be
fixed to a holding device;




US 12,304,659 B2

17

a second elastic element connecting a yoke to the fixing
clement, the second elastic element being configured to
allow a displacement of the yoke in relation to the
fixing element along an axis parallel to the axis Y, the
second elastic element having a predetermined stiflness
such that the displacement has a predetermined ampli-
tude about a nominal position of the yoke 1n relation to
the fixing element;

the first end of a fork comprising:

a support portion configured to be mounted rotatably on
the rod of the reference positioning device;

a third elastic element, the third elastic element connect-
ing the second end of the fork and the support portion,
the third elastic element being configured to allow a
displacement of the fork in relation to the support
portion along an axis parallel to the axis Y, the third
clastic element having a predetermined stifiness such
that the displacement has a predetermined amplitude
about a nominal position of the fork in relation to the
support portion.

14. The system as claimed 1n claim 13, further comprising

a fourth elastic element connecting the supporting device to
the fixing part, the fourth elastic element being configured to
allow a displacement of the fixing part 1n relation to the
supporting device along an axis parallel to the axis X about
a nominal position, the fourth elastic element having a
predetermined stiflness such that the displacement of the
fixing part has a predetermined displacement amplitude
about the nominal position of the fixing part in relation to the
supporting device.

15. The system as claimed 1n claim 14, wherein the first
clastic element comprises at least one helical spring.

16. The system as claimed in claim 15, wherein the fixing
part further comprises a first guiding crossmember having a
longitudinal axis parallel to the axis 7, the first gmiding
crossmember having a first end mounted so as to be able to
rotate about the axis X at a fork, the first guiding cross-
member having a second end mounted so as to be movable
in translation at a fixing bar, the helical spring having a first
end fixed to the fork and a second end fixed to the fixing bar,
the helical spring surrounding the first gmiding crossmember,
the first elastic element moreover comprises at least one
second guiding crossmember parallel to the first guiding
crossmember, the second guiding crossmember having a
first end mounted so as to be able to rotate about the axis X
at the fork, the second guiding crossmember having a second
end mounted so as to be movable 1n translation at the fixing
bar.

17. The system as claimed 1n claim 16, further comprising

at least one alignment module comprising an aligning pin
configured to be fixed on an inner surface of the upper
shell;

a recerving interface having a cylinder configured to be
fixed to the first end of the curved bar, a first piston and
a fifth elastic element, the first piston being able to slide
in the cylinder, the first piston having a receiving
surface configured to receive the aligning pin, the
cylinder and the first piston having longitudinal axes
(L3) parallel to the axis Z, the first piston being
movable 1n translation along the axis Z 1n relation to the
cylinder of the recerving interface, the fifth elastic
clement being configured to exert a force along the axis
7. against the first piston, said force tending to bring the
first piston into a nominal position along the axis Z 1f
no force 1s applied to the receiving surface.

18. The system as claimed in claim 17, wherein the

receiving interface further comprises a second piston having,
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a longitudinal axis parallel to the axis Z, the second piston
being movable 1n translation 1n a plane parallel to the axis X
and the axis Y 1n relation to the cylinder of the receiving
interface and fixed along the axis Z, the first piston being
able to slide 1n the second piston;

at least one adjusting element configured to regulate a
position of the second piston 1n a plane parallel to the
axis X and the axis Y.

19. The system as claimed in claam 17, wheremn the
receiving interface further comprises at least one sixth
clastic element configured to exert a force 1n a plane parallel
to the axis X and the axis Y against the first piston, said force
tending to bring the first piston into a nominal position along
the axis X and the axis Y.

20. The system as claimed in claim 19, wherein the
alignment module comprises three adjusting elements dis-
tributed uniformly around the cylinder, each of the three
adjusting elements comprises a screw screwed 1n an opening
through the cylinder, the screw of each of the three adjusting
clements having longitudinal axes (LL4) comprised in a
common plane parallel to the axis X and the axis Y, the
longitudinal axes (I.4) of each screw being concurrent, the
screw of each of the three adjusting elements comprising a
first end configured to receive a tool for screwing or
unscrewing the screw and a second end configured to exert
a force parallel to the longitudinal axis (L4) of the screw
against the second piston depending on the degree of screw-
ing and unscrewing ol the screw; three seventh elastic
clements distributed uniformly around the cylinder, each of
the seventh elastic elements being able to exert a force
against the first piston.

21. A method for assembling a fuselage barrel of an
aircraft using the handling system as claimed in claim 1,
comprising;

a step (E1) of installing a lower shell of the fuselage barrel

on an assembly platiform,

a step (E2) of fixing two side shells of the fuselage barrel,
cach of the two side shells being fixed to two fixing
devices of the handling system, each of the two side
shells being fixed to two fixing devices by means of the
fixing part of each of the two fixing devices,

a step (E3) of aligning the two side shells 1n relation to the
lower shell along a plane comprising the axis X and the
axis Y by handling the two side shells using the fixing
support of the handling system,

a step (E4) of aligning the two side shells 1n relation to the
lower shell along an axis parallel to the axis Z by
handling the two side shells using the first elastic
clement of the handling system,

a step (E5) of assembling the two side shells with the
lower shell.

22. The method as claimed in claim 21, further compris-

ng:

a step (E6) of fixing at least one holding structure of the
handling system to an mnner surface of each of the side
shells,

a step (E7) of fixing at least one aligning pin on the inner
surface of an upper shell of the fuselage barrel,

a step (E9) of depositing the aligning pin on a receiving
surface by moving the upper shell closer to the side
shells,

a step (E10) of aligning the upper shell in relation to the
side shells along a plane comprising the axis X and the
axis Y using the receiving interface of the alignment
module,

a step (E11) of assembling the upper shell with the side

shells.
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23. The method as claimed 1n claim 22, further compris-
ing a step (E8) of positioning a floor grid (G) of the aircrait
(AC) belore the depositing step (E9).
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